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- 1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,*^^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1]At least five light flux from the Mitsuteru gunner stage is respectively entered in two or 
more points of a tested area of this specimen plane from an oblique direction at a specimen plane, 
When a detection means detects at least five reflected light flux from this specimen plane and 
surface position information of this specimen plane is detected using an output signal from this 
detection means, This few **** from this optical irradiation means five light flux, A surface position 
sensing device which optical-path arrangement is carried out and this few **** enters so that five 
light flux may be observed independently mutually when this specimen plane is observe d from a 
direction vertical to this specimen plane, and is characterized by said thing [ that said detection 
means has detected two or more catoptric light from each point via an individual optical system ]. 
[Claim 2]A surface position sensing device of claim 1, wherein five light flux from said Mitsuteru 
gunner stage is made to enter into said specimen plane by the mutual almost same incidence angle 
phi (angle to said perpendicular direction) and this incidence angle phi fills phi>=70 degrees. 
[Claim 3]Claim 1 or 2 surface position sensing devices after it leads more than one to a point, 
respectively and reflected light flux from these two or more points passes said Mitsuteru gunner 
stage said common optical system for said at least five light flux via a common optical syste m, 
wherein it is detected by said detection means via said individual optical system . 
[Claim 4]When a semiconductor device is manufactured via a process in which projection exposure 
of the circuit pattern of reticle is carried out to two or more shot regions arra nged by a projection 
optical system in a wafer surface top determined direction . At least five light flux from the Mitsuteru 
gunner stage to two or more points of a shot region on a wafer surface from an ob lique d ire ction, At 
four points that a center and each of this shot region are located at a vertex of a predetermined 
quadrangle. When this shot region is observed from a direction vertical to this shot region, you carry 
out opticahpath arrangement and this few **** makes it enter so that five light flux may be 
observed independently mutually. A detection means detects at least five reflected light flux from 
this shot region via an individual optical system . Surface position information of this shot region is 
detected using an output signal from this detection means, A manufacturing method of a 
semiconductor device carrying out projection exposure of the circuit pattern of this reticle to this 
shot region according to this projection optical system after positioning this shot region in the image 
surface of this projection optical system based on this surface position information. 
[Claim 5]A manufacturing method of a semiconductor device of claim 4, wherein five light flux from 
said Mitsuteru gunner stage is made to enter into said specimen plane by the mutual almost same 
incidence angle phi (angle to said perpendicular direction) and this incidence angle phLfiUs |Dhi>=70 
degrees. 

[Claim 6]Claim 4 after it leads more than one to a point, respectively, and reflected light flux from 
these two or more points passes said M itsuteru gunn er sta g e sai d common optical s ystem for said 
at least five light flux via a common optical syjstem. yv^^ 

via said individual optical svstem . or a manufacturin g metho d of a semicond uctor dev ice of 5 . [Claim 
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7] 0ne surface position sensing device of claims 1 thru/or 3. wherein said at least five light flux 
enters from a direction which rotated only the predetermined angle theta which is not 0 degree 
within a specimen plane to a predetermined direction in which said two or more tested areas were 
arranged. [Claim 8]A manufacturing method of one semiconductor device of claims 4 thru/or 6. 
wherein said at least five light flux enters from a direction which rotated only the predetermined 
angle theta which is not 0 degree within a specimen plane to said predetermined direction, 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]When this invention carries out reduction projection of the electronic circuit 
pattern currently formed on the reticle side on a wafer surface according to a projection optical 
system in the projection aligner for semiconductor device manufacture, The surface position 
information (height information) of two or more points on this wafer surface can be detected, the 
exposure region of this wafer can be easily located in the best image formation face of a projection 
optical system, and it is related with the surface position sensing device with which a good 
projection image is acquired, and the manufacturing method of a semiconductor device using it. 
[0002] 

[Description of the Prior Artjin recent years, the minuteness making about a half micron and high 
integration are demanded of the projection aligner for semiconductor device manufacture from the 
minuteness making of the electronic circuit pattern, for example, a submicron. censure — in 
connection with this, the thing with higher resolution than before is demanded from the projection 
optical system. For this reason, in the projection optical system, short wavelength formation is 
attained to the formation of high N.A, and an exposure wavelength. 

[0003]Generally, about high-resolving-power-ization of a projection optical system, if a figure wax 
and NA are made high, the allowable depth of focus of pattern projection will become shallow. For 
this reason, with many projection aligners, the surface position sensing device which detects the 
focal plane position of a projection optical system is used.It is requested that it hot only detects and 
adjusts the height position (surface position) information on the exposure region on the wafer 
surface which only performs pattern transfer to this surface position sensing device, but it detects 
simultaneously inclination to the exposure region on the wafer surface which performs pattern 
transfer, etc., and can adjust them. 

[0004]As a surface position sensing device of a focal plane, two or more air sensors are formed in 
the periphery of the exposure region on a wafer surface from before, and the method of computing 
and adjusting inclination, a height position, etc. of an exposure region from the height information of 
the exposure region periphery obtained from this air sensor is known. 

[0005]ln addition, in JP,2-10361,B, the height information of the central part of an exposure region 
is detected and adjusted with the height position detecting optical system of oblique incidence, and 
the method of detecting the inclination in an exposure region and adjusting with the detected 
inclination optical system (collimator) of oblique incidence established apart from this is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention]When unevenness and smooth inclination are in the 
exposure region on the wafer surface which generally performs pattern transfer, it is very difficult to 
locate this exposure region in the allowable depth of focus of a projection optical system. 
[0007]For example, as shown in drawinig 13 , the exposure region 90 on a wafer surface assumes that 
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it had become convex [ smooth 3 (it is the same as that of the following even if it is a concave.). 
The position in the point of measurement 91a of two or more peripheries of the exposure region 90 
can be made to agree in the best image formation face 92 of a projection optical system in the 
method of arranged and measuring an air sensor to two or more peripheries of the former exposure 
region at this time, as shown in drawing 14- However, there was a problem that the center section 
91b of the exposure region 90 will separate from 93 in the allowable depth of focus. 
[0008]The method of using the latter height position detecting optical system and detected 
inclination optical system by oblique incidence makes the position of the point of measurement 94 
of the center section of the exposure region 90 agree in the best image formation face 92 of a 
projection optical system, as shown in drawin g 15, and it can make average inclination 95 to the 
whole exposure region parallel to the best image formation face 92. 

[0009]However. this method had the problem that the periphery of the exposure region 90 could not 
be located in 93 in the allowable depth of focus. The problem at this time can locate the exposure 
region 90 whole in 93 in the allowable depth of focus, if two or more point of measurement 96 is 
taken in the exposure region 90 at a center section and a periphery as shown, for example in 
drawing 16, 

[OOlOjIn the projection aligner for semiconductor device manufacture, this method However, the 
lower part of a projection optical system, Since members, such as a laser interferometer for wafer 
stage control and a microscope for wafer alignment were arranged in space, i.e., the space of a 
wafer stage periphery, there was a problem that it was very difficult to form two or more surface 
position sensing devices in it. 

[001 1]Whether the surface position sensing device set up appropriately detects the height 
information (surface position information) of two or more points in the exposure region on a wafer 
surface, and the wafer surface is carrying out uneven shape by this or this invention leans, it can 
locate easily the whole exposure region on this wafer surface in the allowable depth of focus of a 
projection optical system. It aims at offer of the manufacturing method of a semiconductor device 
using the surface position sensing device and it which can manufacture a high-density 
semiconductor device by this. 
[0012] 

[Means for Solving the Problem]A surface position sensing device of this invention enters 
respectively at least five light flux from the Mitsuteru (1-1) gunner stage in two or more points of a 
tested area of this specimen plane from an oblique direction at a specimen plane, When a detection 
means detects at least five reflected light flux from this specimen plane and surface position 
information of this specimen plane is detected using an output signal from this detection means. 
This few **** from this optical irradiation means five light flux, When this specimen plane is 
observed from a direction vertical to this specimen plane, optical-path arrangement is carried out 
and this few **** enters so that five light flux may be observed independently mutually, and it is 
characterized by said thing [ that said detection means has detected two or more catoptric light 
from each point via an individual optical system ]. In particular, five light flux from said (1-1-1) 
Mitsuteru gunner stage is made to enter into said specimen plane by the mutual almost same 
incidence angle phi (angle to said perpendicular direction), and this incidence angle phi should fill 
phi>=70 degrees. 

(1-1-2) said Mitsuteru gunner stage passes a common optical system ~ said at least five light flux 
~ said ~ leading more than one to a point, respectively ~ this ~ after reflected light flux from 
two or more points passes a common optical system, be detected by said detection means via said 
individual optical system. 

(1-1-3) Said at least flve light flux should enter from a direction which rotated only the 
predetermined angle theta which is not 0 degree within a specimen plane to a predetermined 
direction in which said two or more tested areas were arranged. It is characterized by **. 
[0013]When a manufacturing method of a semiconductor device of this invention manufactures a 
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semiconductor device via a process in which projection exposure of the circuit pattern of reticle (2- 
1) is carried out to two or more shot regions arranged by a projection optical system in a wafer 
' surface top determined direction, At least five light flux from the Mitsuteru gunner stage to two or 
more points of a shot region on a wafer surface from an oblique direction. At four points that a 
center and each of this shot region are located at a vertex of a predetermined quadrangle. When 
this shot region is observed from a direction vertical to this shot region, you carry out optical-path 
arrangement and this few **** makes it enter so that five light flux may be observed independently 
mutually, A detection means detects at least five reflected light flux from this shot region via an 
individual optical system, After detecting surface position information of this shot region using an 
output signal from this detection means and positioning this shot region in the image surface of this 
projection optical system based on this surface position information, it is characterized by carrying 
out projection exposure of the circuit pattern of this reticle to this shot region according to this 
projection optical system. In particular, five light flux from said (2-1-1) Mitsuteru gunner stage is 
made to enter into said specimen plane by the mutual almost same incidence angle phi (angle to said 
perpendicular direction), and this incidence angle phi should fill phi>=70 degrees. 
(2-1-2) said Mitsuteru gunner stage passes a common optical system — said at least five light flux 
— said ~ leading more than one to a point, respectively ~ this ~ after reflected light flux from 
two or more points passes a common optical system, be detected by said detection means via said 
individual optical system. 

(2-1-3) Said at least five light flux should enter from a direction which rotated only the 
predetermined angle theta which is not 0 degree within a specimen plane to said predetermined 
direction. It is characterized by **. 
[0014] 

[Examplel Drawing 1 is an important section schematic diagram of Example 1 of this invention, and 
drawing 2 is some expansion explanatory views of drawing 1 . 

[0015]In drawing 1 , the projection optical system (projection lens system) of a reduced type [ 1 ] 
and Ax are the optic axes of the projection optical system 1. la is reticle, and the circuit pattern is 
formed on the field and it is laying on the reticle stage lb. 1c is an illumination system and is 
carrying out uniform illumination of the reticle la side top. The projection optical system 1 is 
carrying out reduction projection of the circuit pattern on a reticle la side on the 2nd page of the 
wafer. The wafer 2 is adsorbed and fixed on the 3rd page of a wafer stage. The wafer stage 3 is 
movable to the 2-way (x, y direction) within the field which intersects perpendicularly (inside of a x- 
y flat surface), and has come to be able to carry out inclination adjustment of the optic-axis Ax 
direction (the direction of z) and the optic axis Ax of the projection optical system 1 to it to the flat 
surface (x-y flat surface) which intersects perpendicularly with the optic axis Ax. It enables it to 
adjust arbitrarily the surface position of the wafer 2 which this laid on the 3rd page of the wafer 
stage. 4 is a stage control apparatus and is carrying out drive controlling of the wafer stage 3 based 
on the signal from the focus control device 1 8 mentioned later. 

[0016]As for the Mitsuteru gunner stage and SB, a projection means and SC of SA are photoelectric 
conversion means, and these constitute some surface position sensing devices which detect the 
surface position information of the 2nd page of a wafer. Detection means SBC consists of projection 
means SB and a photoelectric conversion means SC. 

[0017]In this example, when projecting the circuit pattern on a reticle la side on the 2nd page of a 
wafer by the projection optical system 1 using a surface position sensing device, drive controlling of 
the wafer stage 3 is carried out so that the exposure region on the 2nd page of a wafer may be 
located in the allowable depth of focus of the projection optical system 1. And the wafer stage 3 is 
moved one by one on a X-Y flat surface, and this forms the pattern space (shot) 39 (mm [ 20 ] x 
about 20 mm) of rectangular shape one by one on the 2nd page of a wafer. 
[0018]Next, each element of the surface position sensing device of this example is explained. 
Mitsuteru gunner stage SA which enters two or more light flux on the 2nd page of a wafer first is 
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explained. 

[001 9]5 is a light source and comprises the lighting unit constituted so that it might irradiate with a 
white lamp or a different light of two or more wavelength. 6 is a collimator lens and the intensity 
distribution of a section has ejected the light flux from the light source 5 as a parallel pencil of 
abbreviated homogeneity. 7 is a prism-shaped slit member and has two or more openings (five 
pinholes) 71-75. 8 is a lens system and is carrying out the light guide of the five independent light 
flux 71a'-75a which comprised both telecentric system and passed through two or more pinholes 
71-75 of the slit member 7 via the mirror 9 at the five point of measurement 19-23 on the 2nd page 
of a wafer The size of a projection image omits, and is and he is trying to serve as a pinhole image 
at this time. This lens system 8 has the aperture diaphragm 40 for arranging N.A of each light flux 
71a-75a with an inside. At this example, Mitsuteru gunner stage SA consists of each above 
elements 5, 6, 7, 8, and 9. 

[0020]In this example, the incidence angle phi to the 2nd page of wafer top of each light flux from 
Mitsuteru gunner stage SA (the altitude stood to the wafer surface and the angle to accomplish) is 
not less than phi= 70 degrees. On the 2nd page of a wafer, as shown in drawing 2 . two or more 
pattern spaces (exposure region shot) 39 have arranged. The five light flux 71a-75a which passed 
the lens system 8 has entered into each point of measurement 1 9-23 in which the pattern space 39 
carried out mutually-independent. 

[0021] And it is made to enter on the 2nd page of a wafer from the direction of which theta** 
rotation was done in the XY plane from X (the direction of shot arrangement) so that it may be 
observed independently mutually, as it is shown in drawing 2 , when the five light flux 71a-75a which 
enters on the 2nd page of a wafer observes from the perpendicular direction (the optic-axis Ax 
direction) of the wafer 2. The five pinholes 71-75 of the slit member 7 are formed on the wafer 2 
and the same conjugate flat surface so that the conditions of the 2nd page of a wafer and a shine 
proof may be satisfied. The size of the pinholes 71-75 of the pinhole member 7, shape, the distance 
from the lens system 8, etc. are set up form the pinhole image of the size same in abbreviation 
mutually on the 2nd page of a wafer. 

[0022]In this example, two or more light flux (pinhole) is entered on the 2nd page of a wafer by 
Mitsuteru gunner stage SA which comprises each above elements 5, 6, 7, 8, and 9. In this example, 
there may be the point of measurement on the 2nd page of a wafer how many not only in five 
points. 

[0023]Next, projection means SB which carries out the light guide of two or more reflected light flux 
from the 2nd page of a wafer to the detecting face 1 7 of photoelectric conversion means SC as a 
position detecting element which comprises CCD and to which it is made to carry out image 
formation is explained. 

[0024] 11 is a light-receiving lens, comprises both telecentric system and is reflecting five reflected 
light flux from the 2nd page of a wafer via the mirror 10. And the light-receiving lens 1 1 forms the 
pinhole image in each positions 24-28 to each point of measurement 19-23. Entering light of the 
light flux from the pinhole image of each positions 24-28 is carried out to the five amendment 
optical systems 12-16 established independently. 

[0025]Since the light-receiving lenses 1 1 are both telecentric system, the optic axis has become 
parallel mutually, and the amendment optical systems 12-16 carry out re-image formation of the 
pinhole image formed in each positions 24-28 so that it may become the spot light of the same size 
mutually on the detecting face 1 7 of photoelectric conversion means SC. Photoelectric conversion 
means SC comprises single two-dimensional CCD. At this example, projection means SB consists of 
each above elements 10, 11, 12-16. 

[0026]in addition ~ the amendment optical systems 12-16 having each predetermined the plane- 
parallel plate and lens system of thickness, and receiving the optic axis of the light-receiving lens 1 1 
~ a coaxis — or eccentricity is carried out. At this time, the plane-parallel plate is used in order to 
amend the light path length of each lens system, the image formation magnification [ lens system ] 
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(projecting magnification) on the detecting face 1 7 of each point of measurement 1 9-23 
abbreviation — it has provided in order to amend so that it may become equal. 
• [0027]That is, when several point of measurement 19-23 when distance differs to the light-receiving 
lens 1 1 by the oblique incidence image formation optical system which carries out oblique incidence 
on a wafer surface carries out image formation of two or more light flux on the detecting face 1 7 of 
photoelectric conversion means SC like this example, the image formation magnification differs 
mutually. 

[0028]then. the projecting magnification [ in this example establish the amendment optical systems 
1 2-1 6 to each point of measurement and ] on the detecting face 17 of each of these point of 
measurement 19-23 ~ abbreviation ~ he is trying to become equal (in addition, Japanese Patent 
Application No. No. 44236 [ two to ] of these people's point explains this amendment optical system 
in detail), and this time ~ the surface position (a height direction.) of each point of measurement 
19-23 of the 2nd page of a wafer He is trying for the position of the pinhole image (spot light) which 
enters on the detecting face 1 7 by the optic-axis Ax direction to change. Photoelectric conversion 
means SC has detected the position change of the pinhole image at this time. It enables it to detect 
the surface position information of each point of measurement 19-23 on the 2nd page of a wafer in 
the same accuracy by this at this example. 

[0029]Via projection means SB. as each point of measurement 1 9-23 on the 2nd page of a wafer 
and the detecting face 17 of photoelectric conversion means SC serve as conjugate mutually, they 
are (amending by falling to each point of measurement 19-23). The position of the pinhole image on 
the detecting face 17 does not change with the local inclination to each point of measurement 19- 
23 by this, He answers change of the local height position of each point of measurement of the 
optic-axis Ax direction of the surface of the wafer 2, i.e.. the height of the point of measurement 
19-23, and is trying for the position of the pinhole image on the detecting face 17 to change. 
Photoelectric conversion means SC has detected the incidence position information on the pinhole 
image which entered on the 17th page of the detecting face. The incidence position information on 
the pinhole image in each point of measurement 19-23 obtained by photoelectric conversion means 
SC is inputted into the focus control means 18. 

[0030]The focus control means 1 8 acquires the height information (surface position information) of 
each point of measurement 19-23 from photoelectric conversion means SC, and is asking for the 
inclination to the position and X-Y flat surface about the surface position information (direction of 
z), i.e., optic-axis Ax direction, of the wafer 2, etc. from this. 

[0031] And the signal about the drive quantity of the wafer stage 3 is inputted into the stage control 
apparatus 4 so that the surface of the wafer 2 may be abbreviated-in agreement with the surface of 
projection of the reticle la by the projection optical system 1. The stage control apparatus 4 carries 
out drive controlling of the wafer stage 3 according to the input signal from the focus control means 
18. and is adjusting the position and posture of the wafer 2. 

[0032]Next. the feature on arrangement of each element at the time of entering light flux in two or 
more point of measurement (19-23) on the 2nd page of a wafer in this example, and forming a 
pinhole image is explained. 

[0033]Two or more point of measurement 19-23 on the 2nd page of the wafer in this example is set 
as the abbreviated center of four corners of the pattern space (shot) 39 of the rectangular shape of 
the wafer 2, and four corners of those, as shown in drawing 2 . And each point of measurement 71- 
75 is irradiated with each pinholes 71-75 and the light flux which came out from the direction of 
which angle theta (the figure theta= 22.5 degrees) rotation was done from the direction of X of the 
pattern space 39 of rectangular shape by Mitsuteru gunner stage SA. 

[0034]When the light flux from each pinholes 71-75 of Mitsuteru gunner stage SA observes from the 
perpendicular direction of the wafer 2 at this time, it is made to enter on the 2nd page of a wafer so 
that it may be observed independently mutually. 

r0035] drawing 3 — A-A' of drawing 1 — it is an explanatory view showing the spacial configuration 
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of the amendment optical systems 1 2-1 6 in a section. 

[0036]In this example, oblique incidence of the incidence angle phi of drawing 1 is carried out so 
that it may become not less than phi= 70 degrees, therefore, if the relative distance of the center to 
center of the amendment optical systems 12-16 tends to form the point of measurement at equal 
intervals on the 2nd page of a wafer when the light flux from Mitsuteru gunner stage SA is carrying 
out oblique incidence on the 2nd page of the wafer, the direction of aa' of drawmg_l. will become 
narrow less than with cosphi twice, i.e., 0.34 time, compared with the direction of bb'. 
[0037]Since the diameter of the amendment optical systems 12-16 is generally needed about at 
least 4-5 mm on manufacture, it becomes difficult to arrange so that it may not interfere in two or 
more amendment optical systems mechanical mutually. 

[0038]So. in this example, to the light flux from Mitsuteru gunner stage SA, theta**22.5 degrees of 
pattern spaces 39 of rectangular shape are rotated, as shown in drawing 2 . It enables it to arrange 
independently respectively spatially, without the center of the amendment optical systems 12-16 
having coordinates with same direction of aa' and direction of bb' mutually by this. The angle theta 
at this time should just be an angle observed independently mutually, when the five light flux 71a- 
75a sees from the perpendicular direction of the 2nd page of a wafer not only like 22.5 degrees but 
like the above-mentioned. 

r0039l Drawin g 4 shows the incidence state of five light flux which enters on the 2nd page of a wafer 
when the angle theta shown in draw ing 2 is theta= 0 degree. The light flux which entered into the 
point of measurement 19 and 22 and the point of measurement 20 and 23 as shown in the figure 
laps mutually, and is observed. 

r0040l Drawing 5 Is an explanatory view of the spacial configuration of the amendment optical 
systems 1 2-1 6 as shown in drawing 4 . when entering light flux. As shown in the figure, the 
amendment optical systems 12 and 15 corresponding to the point of measurement 19 and 22 
interfere mechanical, the amendment optical systems 13 and 16 corresponding to the point of 
measurement 20 and 23 interfere mechanical, and it becomes impossible to an-ange the amendment 
optical system of these spatially for this reason. 

r0041l Drawing 6 shows the incidence state of five light flux which enters on the 2nd page of a wafer 
when it is similarly considered as the angle of theta= 45 degrees. The light flux which entered into 
the point of measurement 19, 21. and 23 as shown In the figure laps mutually, and is observed. 
C0042] Drawing 7 is an explanatory view of the spacial configuration of the amendment optical 
systems 12-16 as shown in drawing 6 , when entering light flux. Since it interferes in the amendment 
optical systems 12, 14, and 16 corresponding to the point of measurement 19. 21. and 23 mechanical 
mutually, it becomes impossible to arrange these amendment optical systems spatially. 
[0043]On the other hand, as it is considered as theta**22.5 degrees and becomes the spacial 
configuration of the amendment optical systems 12-16 left as the distance of a center to center 
showed drawing 3 respectively, the amendment optical systems 12-16 enable it to arrange easily 
spatially like the above-mentioned in this example. 

[0044]By constituting each element as mentioned above in this example, the abbreviation for a size, 
etc. are carried out like the above-mentioned by Mitsuteru gunner stage SA at the five point of 
measurement 19-23 on the 2nd page of a wafer, and it is, and is irradiating with the pinhole image 
(formation). And the abbreviation for a size, etc. are carried out to the detecting face 1 7 of 
photoelectric conversion means SC by projection means SB using five catoptric light from each 
point of measurement 1 9-23, it is. and re-image formation of the pinhole image is carried out. 
Photoelectric conversion means SC has detected the incidence position information on the pinhole 
image which enters on the detecting face 17 which changes with the height (the optic-axis Ax 
direction) of the 2nd page of a wafer at this time. And photoelectric conversion means SC has 
inputted the incidence position information on the pinhole image on the detecting face 1 7 at this 
time into the focus control device 1 8. The focus control device 1 8 found the height of the wafer 2 
every point of measurement 19-23 based on the signal from photoelectric conversion means SC, 
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and has inputted into the stage control apparatus 4 the height information acquired at this time. 
[0045]The stage control apparatus 4 makes the wafer stage 3 drive based on the signal from the 
^ focus control device 18, and is locating the wafer 2 in the best image formation face of the 
projection optical system 1 from this. This performs projection exposure of the circuit pattern of the 
reticle la on the 2nd page of a wafer, and the high-density semiconductor device is manufactured. 
r0046l Drawing 8 is an important section schematic diagram of Example 2 of this invention. The same 
code number is given to the same element as the element shown by drawing 1 in drawing 8 . 
[0047]Compared with Example 1 of drawing 1 . into the optical path between the light-receiving lens 
1 1 and the amendment optical systems 12-16, make it correspond to the amendment optical 
systems 12-16. and the five mirrors 24-28 are formed in this example, It differs in that the light 
guide of the light flux from the light-receiving lens 1 1 is carried out to the amendment optical 
systems 12-16 via these mirrors 24-28, and other composition is substantially the same, 
[0048] Re-image formation of the pinhole image formed with the light-receiving lens 1 1 on each point 
of measurement 19-23 on the 2nd page of a wafer is carried out to the positions 24-28 near the 
reflective spot of the mirrors 34-38 arranged on the optic axis of the amendment optical systems 
12-16. It is enabled for about 24 to 28 position of re-image formation not to affect other light flux, 
but to arrange the individual mirrors 34-38 to each light flux, by this, since each light flux is 
condensing. 

[0049]Thus. as the mirrors 34-38 are individually arranged to each light flux and this shows drawing 
9, when the five amendment optical systems 12-16 are arranged spatially, Compared with the case 
where the relative distance of the direction of aa' does not arrange the mirror shown in drawing 3 , it 
can take more widely, and, thereby, spatial arrangement of the amendment optical system is made 
easy. 

r0050] Drawi ng 10 is an important section schematic diagram of Example 3 of this invention. The 
same code number is given to the same element as the element shown by drawing_1 _in drawinglQ. 
[0051 ]The point of using the five sensing elements (elements, such as one-dimensional CCD and 
PSD) 41-45 made corresponding to each point of measurement 19-23 on the 2nd page of a wafer 
instead of single two-dimensional CCD constituting photoelectric conversion means SC of Example 
1 of drawing 1 from this example, It differs in that the incidence position information on the pinhole 
image which arranges a mirror, forms a pinhole image in each sensing element, and enters using 
each sensing elements 41-45 at this time into an optical path is detected, and other composition is 
substantially the same. 

[0052]It is made to reflect by the mirrors 48 and 49 arranged at 26 or about 27 image formation 
point when image formation of the pinhole image is carried out with the light-receiving lens 11. and 
the light flux from the point of measurement 20 and 22 on the 2nd page of a wafer is entered in the 
amendment optical systems 13 and 15. And re-image formation of the pinhole image is carried out 
on the 42 or 44th page of the sensing element according to the amendment optical systems 13 and 
15. Since the mirrors 48 and 49 at this time are arranged near the position which light flux is 
condensing, light is reflected without affecting other light flux. It condensed with the light-receiving 
lens 11. and image formation of the pinhole image was carried out to the positions 24 and 28. and it 
condensed according to the post correction optical systems 1 2 and 1 6, and reflected by the mirrors 
46 and 47, and the light flux from the point of measurement 19 and 23 on the 2nd page of a wafer 
has entered on the 41 or 45th page of a sensing element. And re-image formation of the pinhole 
image is carried out on the 41 or 45th page of the sensing element. 

[0053]After it is condensed with the light-receiving lens 1 1 and the light flux from the point of 
measurement 21 on the 2nd page of a wafer carries out image formation of the pinhole image to the 
position 26, it is carrying out re-image formation of the pinhole image on the 43rd page of the 
sensing element according to the amendment optical system 14. 

[0054]When entering two or more light flux from Mitsuteru gunner stage SA on the 2nd page of a 
wafer, he makes it enter as about theta= 22.5 degrees of angles of direction to a x direction, as 
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shown in drawing 2 to the wafer 2, and is trying for the interval on the spacial configuration of each 
light flux to become large in this example. It enables it to arrange the individual sensing elements 
41-45 easily spatially by this corresponding to each point of measurement 19-23. It makes it 
possible to carry out parallel processing of the output signal from the sensing elements 41-45 based 
on each point of measurement 19-23, and improvement in the speed of signal processing is attained. 

[0055]In this example, since a digital disposal circuit can simplify compared with the case where 
one-dimensional CCD is used and signal processing can be accelerated if PSD is used as a sensing 
element, it is desirable. 

r0056l Drawing 1 1 is an important section schematic diagram showing only the Mitsuteru gunner 
stage SA portion of Example 4 of this invention. In the figure, it is the same as the composition of 
drawing 1 about the composition after the slit member 7. 

[0057]In this example, the light flux from the light source 50 is entered in the entrance plane 56a of 
the fiber 56 using the condenser 51, and the one pinhole 75 of the slit member 7 is illuminated 
according to the light flux ejected from the projection surface 56b of the fiber 56. It is carrying out 
using the light source of the same composition, the condenser, and the fiber also about the lighting 
of other pinholes 71-74 of the slit member 7. The light source 50 comprises lighting YURITTO which 
irradiates with a white lamp or the different light flux of two or more wavelength. 
r0058] Drawin g 12 is a C-C'sectional view showing arrangement of the pinholes 71-75 of the slit 
member 7 of drawing 1 1 . In this example, as shown in drawing 2 . about theta= 22.5 degrees and the 
spatial interval of each pinholes 71-75 are made large for the angle theta to a x direction when 
entering light flux in passing on a wafer surface. Even if lighting by the individual fibers 52-56 is 
enabled to each pinholes 71-75 by this, for example, the reflectance of each point of measurement 
1 9-23 on the 2nd page of a wafer differs. Light volume is adjusted individually, light volume of the 
catoptric light from each point of measurement 1 9-23 is made equal, and detection of highly precise 
surface position information is enabled. 
[0059] 

[Effect of the Invention]Carry out optical-path arrangement and two or more points are entered 
from an oblique direction so that at least five light flux may be observed independently mutually, 
when a tested area is observed [ this invention ] from a direction vertical to this tested area as 
mentioned above. It had composition which detects at least five refiected light flux from this tested 
area by a detection means via an individual optical system. 

Therefore, when the extreme proximity state of the optical paths of reflected light flux as shown in 
drawing 5 or drawing 7 can be avoided and it therefore arranges an individual (for example, 
amendment) optical system to the detection system side even if the oblique-incidence angle phi is 
sudden composition for example, it can do [ making these spacial configurations easy or ]. 
Therefore, for example, even if the surface position sensing device set up appropriately detects the 
height information (surface position information) of two or more points in the exposure region on a 
wafer surface and the wafer surface is carrying out uneven shape by this. Even if it leans, the whole 
exposure region on this wafer surface can be easily located in the allowable depth of focus of a 
projection optical system, and the manufacturing method of a semiconductor device using the 
surface position sensing device and it which can manufacture a high-density semiconductor device 
by this can be attained. 
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TECHNICAL HELD 



[Industrial Application]When this invention carries out reduction projection of the electronic circuit 
pattern currently formed on the reticle side on a wafer surface according to a projection optical 
system in the projection aligner for semiconductor device manufacture, The surface position 
information (height information) of two or more points on this wafer surface can be detected, the 
exposure region of this wafer can be easily located in the best image formation face of a projection 
optical system, and it is related with the surface position sensing device with which a good 
projection image is acquired, and the manufacturing method of a semiconductor device using it. 
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http://www4.ipdl.inpitgo.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A^^^^ 3/11/2008 



JP,2910327,B [PRIOR ART] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art]In recent years, the minuteness making about a half micron and high 
integration are demanded of the projection aligner for semiconductor device manufacture from the 
minuteness making of the electronic circuit pattern, for example, a submicron. censure — in 
connection with this, the thing with higher resolution than before is demanded from the projection 
optical system. For this reason, in the projection optical system, short wavelength formation is 
attained to the formation of high N.A, and an exposure wavelength. 

[0003]Generally, about high-resolving-power-ization of a projection optical system, if a figure wax 
and N.A are made high, the allowable depth of focus of pattern projection will become shallow. For 
this reason, with many projection aligners, the surface position sensing device which detects the 
focal plane position of a projection optical system is used.It is requested that it not only detects and 
adjusts the height position (surface position) information on the exposure region on the wafer 
surface which only performs pattern transfer to this surface position sensing device, but it detects 
simultaneously inclination to the exposure region on the wafer surface which performs pattern 
transfer, etc, and can adjust them. 

[0004]As a surface position sensing device of a focal plane, two or more air sensors are formed in 
the periphery of the exposure region on a wafer surface from before, and the method of computing 
and adjusting inclination, a height position, etc. of an exposure region from the height information of 
the exposure region periphery obtained from this air sensor is known. 

[0005]In addition, in JP,2-10361.B, the height information of the central part of an exposure region 
is detected and adjusted with the height position detecting optical system of oblique incidence, and 
the method of detecting the inclination in an exposure region and adjusting with the detected 
inclination optical system (collimator) of oblique incidence established apart from this is proposed. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the InventionjCarry out optical-path arrangement and two or more points are entered 
from an oblique direction so that at least five light flux may be observed independently mutually, 
when a tested area is observed [ this invention ] from a direction vertical to this tested area as 
mentioned above, It had composition which detects at least five reflected light flux from this tested 
area by a detection means via an individual optical system. 

Therefore, when the extreme proximity state of the optical paths of reflected light flux as shown in 
drawing 5 or drawing 7 can be avoided and it therefore arranges an individual (for example, 
amendment) optical system to the detection system side even if the obliqueHncidence angle phi is 
sudden composition for example, it can do [ making these spacial configurations easy or ]. 
Therefore, for example, even if the surface position sensing device set up appropriately detects the 
height information (surface position information) of two or more points in the exposure region on a 
wafer surface and the wafer surface is carrying out uneven shape by this, Even if it leans, the whole 
exposure region on this wafer surface can be easily located in the allowable depth of focus of a 
projection optical system, and the manufacturing method of a semiconductor device using the 
surface position sensing device and it which can manufacture a high-density semiconductor device 
by this can be attained. 



[Translation done.] 
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TECHNICAL PROBLEM ^ 

[Problem(s) to be Solved by the lnvention]When unevenness and smooth inclination are in the 
exposure region on the wafer surface which generally performs pattern transfer, it is very difficult to 
locate this exposure region in the allowable depth of focus of a projection optical system. 
[0007] For example, as shown in drawing 13 , the exposure region 90 on a wafer surface assumes that 
it had become convex [ smooth ] (it is the same as that of the following even if it is a concave,). 
The position in the point of measurement 91a of two or more peripheries of the exposure region 90 
can be made to agree in the best image formation face 92 of a projection optical system in the 
method of arranged and measuring an air sensor to two or more peripheries of the former exposure 
region at this time, as shown in drawing 14 . However, there was a problem that the center section 
91b of the exposure region 90 will separate from 93 in the allowable depth of focus. 
[0008]The method of using the latter height position detecting optical system and detected 
inclination optical system by oblique incidence makes the position of the point of measurement 94 
of the center section of the exposure region 90 agree in the best image formation face 92 of a 
projection optical system, as shown in drawin g 15, and it can make average inclination 95 to the 
whole exposure region parallel to the best image formation face 92. 

[0009]However, this method had the problem that the periphery of the exposure region 90 could not 
be located in 93 in the allowable depth of focus. The problem at this time can locate the exposure 
region 90 whole in 93 in the allowable depth of focus, if two or more point of measurement 96 is 
taken in the exposure region 90 at a center section and a periphery as shown, for example in 
drawing 1 6 . 

[OOlOjIn the projection aligner for semiconductor device manufacture, this method However, the 
lower part of a projection optical system. Since members, such as a laser interferometer for wafer 
stage control and a microscope for wafer alignment, were arranged in space, i.e., the space of a 
wafer stage periphery, there was a problem that it was very difficult to form two or more surface 
position sensing devices in it. 

[0011]Whether the surface position sensing device set up appropriately detects the height 
information (surface position information) of two or more points in the exposure region on a wafer 
surface, and the wafer surface is carrying out uneven shape by this or this invention leans, it can 
locate easily the whole exposure region on this wafer surface in the allowable depth of focus of a 
projection optical system. It aims at offer of the manufacturing method of a semiconductor device 
using the surface position sensing device and it which can manufacture a high-density 
semiconductor device by this. 
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MEANS — 

[Means for Solving the Problem]A surface position sensing device of this invention enters 
respectively at least five light flux from the Mitsuteru (1-1) gunner stage in two or more points of a 
tested area of this specimen plane from an oblique direction at a specimen plane, When a detection 
means detects at least five reflected light flux from this specimen plane and surface position 
information of this specimen plane is detected using an output signal from this detection means. 
This few **** from this optical irradiation means five light flux, When this specimen plane is 
observed from a direction vertical to this specimen plane, optical-path arrangement is carried out 
and this few **** enters so that five light flux may be observed independently mutually, and it is 
characterized by said thing [ that said detection means has detected two or more catoptric light 
from each point via an individual optical system ]. In particular, five light flux from said (1-1-1) 
Mitsuteru gunner stage is made to enter into said specimen plane by the mutual almost same 
incidence angle phi (angle to said perpendicular direction), and this incidence angle phi should fill 
phi>=70 degrees. 

(1-1-2) said Mitsuteru gunner stage passes a common optical system ~ said at least five light flux 
~ said ~ leading more than one to a point, respectively ~ this — after reflected light flux from 
two or more points passes a common optical system, be detected by said detection means via said 
individual optical system. 

(1-1-3) Said at least five light flux should enter from a direction which rotated only the 
predetermined angle theta which is not 0 degree within a specimen plane to a predetermined 
direction in which said two or more tested areas were arranged. It is characterized by **. 
[0013]When a manufacturing method of a semiconductor device of this invention manufactures a 
semiconductor device via a process in which projection exposure of the circuit pattern of reticle (2- 
1) is carried out to two or more shot regions arranged by a projection optical system in a wafer 
surface top determined direction. At least five light flux fi^om the Mitsuteru gunner stage to two or 
more points of a shot region on a wafer surface from an oblique direction, At four points that a 
center and each of this shot region are located at a vertex of a predetermined quadrangle. When 
this shot region is observed from a direction vertical to this shot region, you carry out optical-path 
arrangement and this few **** makes it enter so that five light flux may be observed independently 
mutually, A detection means detects at least five refiected light flux from this shot region via an 
individual optical system, After detecting surface position information of this shot region using an ^ 
output signal from this detection means and positioning this shot region in the image surface of this 
projection optical system based on this surface position information, it is characterized by carrying 
out projection exposure of the circuit pattern of this reticle to this shot region according to this 
projection optical system. In particular, five light flux from said (2-1-1) Mitsuteru gunner stage is 
made to enter into said specimen plane by the mutual almost same incidence angle phi (angle to said 
perpendicular direction), and this incidence angle phi should fill phi>=70 degrees. 
(2-1-2) said Mitsuteru gunner stage passes a common optical system — said at least five light flux 
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— said — leading more than one to a point, respectively ~ this — after reflected light flux from 
two or more points passes a common optical system, be detected by said detection means via said 
individual optical system. 

(2-1-3) Said at least five light flux should enter from a direction which rotated only the 
predetermined angle theta which is not 0 degree within a specimen plane to said predetermined 
direction. It is characterized by **. 
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EXAMPLE 

[ExampiejDrawingJLis an important section schematic diagram of Example 1 of this invention, and 
drawin g 2 is some expansion explanatory views of drawing 1 . 

[0015]In drawin g 1 , the projection optical system (projection lens system) of a reduced type [ 1 ] 
and Ax are the optic axes of the projection optical system 1. la is reticle, and the circuit pattern is 
formed on the field and it is laying on the reticle stage lb. Ic is an illumination system and is 
carrying out uniform illumination of the reticle la side top. The projection optical system 1 is 
carrying out reduction projection of the circuit pattern on a reticle 1 a side on the 2nd page of the 
wafer. The wafer 2 is adsorbed and fixed on the 3rd page of a wafer stage. The wafer stage 3 is 
movable to the 2-way (x, y direction) within the field which intersects perpendicularly (inside of a x- 
y flat surface), and has come to be able to carry out inclination adjustment of the optic-axis Ax 
direction (the direction of z) and the optic axis Ax of the projection optical system 1 to it to the flat 
surface (x-y flat surface) which intersects perpendicularly with the optic axis Ax. It enables it to 
adjust arbitrarily the surface position of the wafer 2 which this laid on the 3rd page of the wafer 
stage. 4 is a stage control apparatus and is carrying out drive controlling of the wafer stage 3 based 
on the signal from the focus control device 18 mentioned later. 

[0016]As for the Mitsuteru gunner stage and SB, a projection means and SC of SA are photoelectric 
conversion means, and these constitute some surface position sensing devices which detect the 
surface position information of the 2nd page of a wafer. Detection means SBC consists of projection 
means SB and a photoelectric conversion means SC. 

[0017]In this example, when projecting the circuit pattern on a reticle 1a side on the 2nd page of a 
wafer by the projection optical system 1 using a surface position sensing device, drive controlling of 
the wafer stage 3 is carried out so that the exposure region on the 2nd page of a wafer may be 
located in the allowable depth of focus of the projection optical system 1. And the wafer stage 3 is 
moved one by one on a X-Y flat surface, and this forms the pattern space (shot) 39 (mm [ 20 ] x 
about 20 mm) of rectangular shape one by one on the 2nd page of a wafer. 
[0018]Next each element of the surface position sensing device of this example is explained. 
Mitsuteru gunner stage SA which enters two or more light flux on the 2nd page of a wafer first is 
explained. 

[001 9]5 is a light source and comprises the lighting unit constituted so that it might irradiate with a 
white lamp or a different light of two or more wavelength. 6 is a collimator lens and the intensity 
distribution of a section has ejected the light flux from the light source 5 as a parallel pencil of 
abbreviated homogeneity. 7 is a prism-shaped slit member and has two or more openings (five 
pinholes) 71-75. 8 is a lens system and is carrying out the light guide of the five independent light 
flux 71a-75a which comprised both telocentric system and passed through two or more pinholes 
71-75 of the slit member 7 via the mirror 9 at the five point of measurement 19-23 on the 2nd page 
of a wafer. The size of a projection image omits, and is and he is trying to serve as a pinhole image 
at this time. This lens system 8 has the aperture diaphragm 40 for arranging N.A of each light flux 
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71a-75a with an inside. At this example, Mitsuteru gunner stage SA consists of each above 
elements 5, 6. 7. 8, and 9, 

[0020]In this example, the incidence angle phi to the 2nd page of wafer top of each light flux from 
Mitsuteru gunner stage SA (the altitude stood to the wafer surface and the angle to accomplish) is 
not less than phi= 70 degrees. On the 2nd page of a wafer, as shown in drawing 2 , two or more 
pattern spaces (exposure region shot) 39 have arranged. The five light flux 71a-75a which passed 
the lens system 8 has entered into each point of measurement 19-23 in which the pattern space 39 
carried out mutually-independent. 

[0021] And it is made to enter on the 2nd page of a wafer from the direction of which theta** 
rotation was done in the XY plane from X (the direction of shot arrangement) so that it may be 
observed independently mutually, as it is shown in drawin g 2, when the five light flux 71a-75a which 
enters on the 2nd page of a wafer observes from the perpendicular direction (the optic-axis Ax 
direction) of the wafer 2. The five pinholes 71-75 of the slit member 7 are formed on the wafer 2 
and the same conjugate flat surface so that the conditions of the 2nd page of a wafer and a shine 
proof may be satisfied. The size of the pinholes 71-75 of the pinhole member 7. shape, the distance 
from the lens system 8, etc. are set up form the pinhole image of the size same in abbreviation 
mutually on the 2nd page of a wafer. 

[0022]In this example, two or more light flux (pinhole) is entered on the 2nd page of a wafer by 
Mitsuteru gunner stage SA which comprises each above elements 5, 6, 7, 8, and 9. In this example, 
there may be the point of measurement on the 2nd page of a wafer how many not only in five 
points. 

[0023]Next. projection means SB which carries out the light guide of two or more reflected light flux 
from the 2nd page of a wafer to the detecting face 17 of photoelectric conversion means SC as a 
position detecting element which comprises CCD and to which it is made to carry out image 
formation is explained. 

[0024] 1 1 is a light-receiving lens, comprises both telecentric system and is reflecting five reflected 
light flux from the 2nd page of a wafer via the mirror 10. And the light-receiving lens 1 1 forms the 
pinhole image in each positions 24-28 to each point of measurement 19-23. Entering light of the 
light flux from the pinhole image of each positions 24-28 is carried out to the five amendment 
optical systems 12-16 established independently. 

[0025]Since the light-receiving lenses 1 1 are both telecentric system, the optic axis has become 
parallel mutually, and the amendment optical systems 12-16 carry out re-image formation of the 
pinhole image formed in each positions 24-28 so that it may become the spot light of the same size 
mutually on the detecting face 17 of photoelectric conversion means SC. Photoelectric conversion 
means SC comprises single two-dimensional CCD. At this example, projection means SB consists of 
each above elements 10, 11, 12-16. 

[0026]in addition ~ the amendment optical systems 12-16 having each predetermined the plane- 
parallel plate and lens system of thickness, and receiving the optic axis of the light-receiving lens 1 1 
— a coaxis ~ or eccentricity is carried out. At this time, the plane-parallel plate is used in order to 
amend the light path length of each lens system, the image formation magnification [ lens system ] 
(projecting magnification) on the detecting face 17 of each point of measurement 19-23 
abbreviation — it has provided in order to amend so that it may become equal. 
[0027]That is, when several point of measurement 19-23 when distance differs to the light-receiving 
lens 1 1 by the oblique incidence image formation optical system which carries out oblique incidence 
on a wafer surface carries out image formation of two or more light flux on the detecting face 17 of 
photoelectric conversion means SC like this example, the image formation magnification differs 
mutually. 

[0028]then, the projecting magnification [ in this example establish the amendment optical systems 
12-16 to each point of measurement, and ] on the detecting face 17 of each of these point of 
measurement 19-23 ~ abbreviation — he is trying to become equal (in addition. Japanese Patent 
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Application No. No. 44236 [ two to ] of these people's point explains this amendment optical system 
in detail), and this time — the surface position (a height direction.) of each point of measurement 

• 1 9-23 of the 2nd page of a wafer He is trying for the position of the pinhole image (spot light) which 
enters on the detecting face 1 7 by the optic-axis Ax direction to change. Photoelectric conversion 
means SC has detected the position change of the pinhole image at this time. It enables it to detect 

' the surface position information of each point of measurement 19-23 on the 2nd page of a wafer in 
the same accuracy by this at this example. 

[0029]Via projection means SB, as each point of measurement 19-23 on the 2nd page of a wafer 
and the detecting face 17 of photoelectric conversion means SC serve as conjugate mutually, they 
are (amending by falling to each point of measurement 19-23). The position of the pinhole image on 
the detecting face 17 does not change with the local inclination to each point of measurement 19- 
23 by this, He answers change of the local height position of each point of measurement of the 
optic-axis Ax direction of the surface of the wafer 2, i.e., the height of the point of measurement 
1 9-23, and is trying for the position of the pinhole image on the detecting face 1 7 to change. 
Photoelectric conversion means SC has detected the incidence position information on the pinhole 
image which entered on the 1 7th page of the detecting face. The incidence position information on 
the pinhole image in each point of measurement 19-23 obtained by photoelectric conversion means 
SC is inputted into the focus control means 18. 

[0030]The focus control means 1 8 acquires the height information (surface position information) of 
each point of measurement 1 9-23 from photoelectric conversion means SC, and is asking for the 
inclination to the position and X-Y flat surface about the surface position information (direction of 
z), i.e., optic-axis Ax direction, of the wafer 2. etc. from this. 

[0031]And the signal about the drive quantity of the wafer stage 3 is inputted into the stage control 
apparatus 4 so that the surface of the wafer 2 may be abbreviated-in agreement with the surface of 
projection of the reticle la by the projection optical system 1. The stage control apparatus 4 carries 
out drive controlling of the wafer stage 3 according to the input signal from the focus control means 
1 8, and is adjusting the position and posture of the wafer 2. 

[0032]Next, the feature on arrangement of each element at the time of entering light flux in two or 
more point of measurement (19-23) on the 2nd page of a wafer in this example, and forming a 
pinhole image is explained. 

[0033]Two or more point of measurement 19-23 on the 2nd page of the wafer in this example is set 
as the abbreviated center of four corners of the pattern space (shot) 39 of the rectangular shape of 
the wafer 2, and four corners of those, as shown in drawing 2 . And each point of measurement 71- 
75 is irradiated with each pinholes 71-75 and the light flux which came out from the direction of 
which angle theta (the figure theta= 22.5 degrees) rotation was done from the direction of X of the 
pattern space 39 of rectangular shape by Mitsuteru gunner stage SA. 

[0034]When the light flux from each pinholes 71-75 of Mitsuteru gunner stage SA observes from the 
perpendicular direction of the wafer 2 at this time, it is made to enter on the 2nd page of a wafer so 
that it may be observed independently mutually. 

r0035l drawing 3 — A-A of drawing 1 — it is an explanatory view showing the special configuration 
of the amendment optical systems 12-16 in a section. 

[0036]In this example, oblique incidence of the incidence angle phi of drawing 1 is carried out so 
that it may become not less than phi= 70 degrees, therefore, if the relative distance of the center to 
center of the amendment optical systems 12-16 tends to form the point of measurement at equal 
intervals on the 2nd page of a wafer when the light flux from Mitsuteru gunner stage SA is carrying 
out oblique incidence on the 2nd page of the wafer, the direction of aa' of c!rawing,3.will become 
narrow less than with cosphi twice, i.e., 0.34 time, compared with the direction of bb'. 
[0037]Since the diameter of the amendment optical systems 12-16 is generally needed about at 
least 4-5 mm on manufacture, it becomes difficult to arrange so that it may not interfere in two or 
more amendment optical systems mechanical mutually. 
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[0038]So in this example, to the light flux from Mitsuteru gunner stage SA. theta**22.5 degrees of 
pattern spaces 39 of rectangular shape are rotated, as shown in drawing 2. It enables it to arrange 
independently respectively spatially, without the center of the amendment optical systems 12-16 
having coordinates with same direction of aa' and direction of bb' mutually by this. The angle theta 
at this time should just be an angle observed Independently mutually, when the five light flux 71a 
75a sees from the perpendicular direction of the 2nd page of a wafer not only like 22.5 degrees but 
like the above-mentioned. . „ . * r 

roOSQl Drawing 4 shows the incidence state of five light flux which enters on the 2nd page of a water 
when the angle theta shown in drawing 2 is theta= 0 degree. The light flux which entered into the 
point of measurement 19 and 22 and the point of measurement 20 and 23 as shown in the flgure 
laps mutually, and is observed. 4. v i 

rOQ40l Drawing 5 is an explanatory view of the spacial configuration of the amendment optical 
systems 1 2-1 6 as shown in drawin g 4. when entering light flux. As shown in the figure, the 
amendment optical systems 12 and 15 corresponding to the point of measurement 19 and 22 
interfere mechanical, the amendment optical systems 13 and 16 corresponding to the point of 
measurement 20 and 23 interfere mechanical, and it becomes impossible to arrange the amendment 
optical system of these spatially for this reason. 

r0041l Drawing 6 shows the incidence state of five light flux which enters on the 2nd page of a water 
when it is similarly considered as the angle of theta= 45 degrees. The light flux which entered into 
the point of measurement 19, 21. and 23 as shown in the figure laps mutually, and is observed. 
rOQ42l Drawing 7 is an explanatory view of the spacial configuration of the amendment optical 
systems 12-16 as shown in drawing 6 . when entering light flux. Since it interferes in the amendment 
optical systems 12. 14, and 16 corresponding to the point of measurement 19, 21, and 23 mechanical 
mutually, it becomes impossible to arrange these amendment optical systems spatially. 
[0043]On the other hand, as it is considered as theta**22.5 degrees and becomes the spacial 
configuration of the amendment optical systems 1 2-1 6 left as the distance of a center to center 
showed drawing 3 respectively, the amendment optical systems 12-16 enable it to an-ange easily 
spatially like the above-mentioned in this example. 

[0044]By constituting each element as mentioned above in this example, the abbreviation for a size, 
etc are carried out like the above-mentioned by Mitsuteru gunner stage SA at the five point of 
measurement 19-23 on the 2nd page of a wafer, and it is, and is irradiating with the pinhole image 
(formation) And the abbreviation for a size, etc. are carried out to the detecting face 17 of 
photoelectric conversion means SC by projection means SB using five catoptric light from each 
point of measurement 19-23, it is, and re-image formation of the pinhole image is carried out. 
Photoelectric conversion means SC has detected the incidence position information on the pinhole 
image which enters on the detecting face 17 which changes with the height (the optic-axis Ax 
direction) of the 2nd page of a wafer at this time. And photoelectric conversion means SC has 
inputted the incidence position information on the pinhole image on the detecting face 17 at this 
time into the focus control device 18. The focus control device 18 found the height of the wafer 2 
every point of measurement 19-23 based on the signal from photoelectric conversion means SC, 
and has inputted into the stage control apparatus 4 the height information acquired at this time. 
[0045]The stage control apparatus 4 makes the wafer stage 3 drive based on the signal from the 
focus control device 1 8. and is locating the wafer 2 in the best image formation face of the 
projection optical system 1 from this. This performs projection exposure of the circuit pattern of the 
reticle 1a on the 2nd page of a wafer, and the high-density semiconductor device is manufactured. 
rQ046l Drawing 8 is an important section schematic diagram of Example 2 of this invention. The same 
code number is given to the same element as the element shown by drawing 1 in drawingj. 
[0047]Compared with Example 1 of drawing 1 . into the optical path between the light-receiving lens 
1 1 and the amendment optical systems 12-16. make it correspond to the amendment optical 
systems 12-16, and the five mirrors 24-28 are formed in this example. It differs in that the light 
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guide of the light flux from the light-receiving lens 1 1 is carried out to the amendment optical 
systems 12-16 via these mirrors 24-28, and other composition is substantially the same. 
■ [0048] Re-image formation of the pinhole image formed with the light-receiving lens 1 1 on each point 
of measurement 1 9-23 on the 2nd page of a wafer is carried out to the positions 24-28 near the 
reflective spot of the mirrors 34-38 arranged on the optic axis of the amendment optical systems 
12-16. It is enabled for about 24 to 28 position of re-image formation not to affect other light flux, 
but to arrange the individual mirrors 34-38 to each light flux, by this, since each light flux is 
condensing. 

[0049]Thus, as the mirrors 34-38 are individually arranged to each light flux and this shows drawing 
9, when the five amendment optical systems 12-16 are arranged spatially, Compared with the case 
where the relative distance of the direction of aa' does not arrange the mirror shown in drawing_3, it 
can take more widely, and. thereby, spatial arrangement of the amendment optical system is made 
easy. 

fOOSOl Drawing 10 is an important section schematic diagram of Example 3 of this invention. The 
same code number is given to the same element as the element shown by drawing 1 in drawing 10. 
[0051]The point of using the five sensing elements (elements, such as one-dimensional CCD and 
PSD) 41-45 made corresponding to each point of measurement 19-23 on the 2nd page of a wafer 
instead of single two-dimensional CCD constituting photoelectric conversion means SC of Example 
1 of drawing 1 f rom this example. It differs in that the incidence position information on the pinhole 
image which arranges a mirror, forms a pinhole image in each sensing element, and enters using 
each sensing elements 41-45 at this time into an optical path is detected, and other composition is 
substantially the same. 

[0052]It is made to reflect by the mirrors 48 and 49 arranged at 26 or about 27 image formation 
point when image formation of the pinhole image is carried out with the light-receiving lens 1 1 . and 
the light flux from the point of measurement 20 and 22 on the 2nd page of a wafer is entered in the 
amendment optical systems 13 and 15. And re-image formation of the pinhole image is carried out 
on the 42 or 44th page of the sensing element according to the amendment optical systems 13 and 
15. Since the mirrors 48 and 49 at this time are arranged near the position which light flux is 
condensing, light is reflected without affecting other light flux. It condensed with the light-receiving 
lens 1 1 , and image formation of the pinhole image was carried out to the positions 24 and 28, and it 
condensed according to the post correction optical systems 12 and 16, and reflected by the mirrors 
46 and 47, and the light flux from the point of measurement 1 9 and 23 on the 2nd page of a wafer 
has entered on the 41 or 45th page of a sensing element. And re-image formation of the pinhole 
image is carried out on the 41 or 45th page of the sensing element. 

[0053]After it is condensed with the light-receiving lens 1 1 and the light flux from the point of 
measurement 21 on the 2nd page of a wafer carries out image formation of the pinhole image to the 
position 26, it is carrying out re-image formation of the pinhole image on the 43rd page of the 
sensing element according to the amendment optical system 14. 

[0054]When entering two or more light flux from Mitsuteru gunner stage SA on the 2nd page of a 
wafer, he makes it enter as about theta= 22.5 degrees of angles of direction to a x direction, as 
shown in drawing 2 t o the wafer 2. and is trying for the interval on the special configuration of each 
light flux to become large in this example. It enables it to arrange the individual sensing elements 
41-45 easily spatially by this corresponding to each point of measurement 19-23. It makes it 
possible to carry out parallel processing of the output signal from the sensing elements 41-45 based 
on each point of measurement 1 9-23. and improvement in the speed of signal processing is attained. 

[0055]In this example, since a digital disposal circuit can simplify compared with the case where 
one-dimensional CCD is used and signal processing can be accelerated if PSD is used as a sensing 
element, it is desirable. 

[0056] Drawing 11 is an important section schematic diagram showing only the Mitsuteru gunner 
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stage SA portion of Example 4 of this invention. In the figure, it is the same as the composition of 
drawing 1 about the composition after the slit member 7. 

[0057]In this example, the light flux from the light source 50 is entered in the entrance plane 56a of 
the fiber 56 using the condenser 51, and the one pinhole 75 of the slit member 7 is illuminated 
according to the light flux euected from the projection surface 56b of the fiber 56. It is carrying out 
using the light source of the same composition, the condenser, and the fiber also about the lighting 
of other pinholes 71-74 of the slit member 7. The light source 50 comprises lighting YURITTO which 
irradiates with a white lamp or the different light flux of two or more wavelength. 
rQ058l Drawin g 1 2 is a C-C'sectional view showing arrangement of the pinholes 71-75 of the slit 
member 7 of drawing 1 1 . In this example, as shown in drawin g 2, about theta= 22.5 degrees and the 
spatial interval of each pinholes 71-75 are made large for the angle theta to a x direction when 
entering light flux in passing on a wafer surface. Even if lighting by the individual fibers 52-56 is 
enabled to each pinholes 71-75 by this, for example, the reflectance of each point of measurement 
19-23 on the 2nd page of a wafer differs, Light volume is adjusted individually, light volume of the 
catoptric light from each point of measurement 19-23 is made equal, and detection of highly precise 
surface position information is enabled. 
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* NOTICES * 

• JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

' IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[ Drawing 1 ]The important section schematic diagram of Example 1 of this invention 
[Drawing 2] Some expansion explanatory views of drawing 1 
[Drawing 3] The a-a'sectional view of drawing 1 

[Drawing 4]An expansion explanatory view when the angle theta of drawin g 2 is changed 
[Drawing 5] The explanatory view showing arrangement of an amendment optical system in case 
drawing 4 shows 

[Drawing 6] An expansion explanatory view when the angle theta of drawing 2 is changed 
[Drawing 7] The explanatory view showing arrangement of an amendment optical system in case 
drawing 6 shows 

[Drawing 8 ]The important section schematic diagram of Example 2 of this invention 
[Drawing 9] The a-a'sectional view of drawing 8 

[D rawing 10] The important section schematic diagram of Example 3 of this invention 
[Drawing 1 1 ]Some schematic diagrams of Example 4 of this invention 
[Drawin g 1 2]The c-c sectional view of drawing 1 1 
[Drawing 1 3] Wafer type-like explanatory view 

[Drawing 14] The explanatory view showing the physical relationship of a wafer surface and the 
allowable depth of focus of a projection lens 

[Drawing 1 5] The explanatory view showing the physical relationship of a wafer surface and the 
allowable depth of focus of a projection lens 

[Drawing 1 6] The explanatory view showing the physical relationship of a wafer surface and the 

allowable depth of focus of a projection lens 

[Description of Notations] 

SA The Mitsuteru gunner stage 

SB Projection means 

SO Photoelectric conversion means 

1 Projection lens 
la Reticle 

2 Wafer 

3 Wafer stage 

4 Stage control apparatus 

5 Light source 

6 Collimator lens 

7 Slit member 

8 Lens system 

9 and 10 Mirror 

1 1 Light-receiving lens 
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12-16 Amendment optical system 

1 7 Detecting face 

1 8 Focus control device 
71-75 Pinhole 
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. JPO and INPIT are not responsible for any 
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' I.This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 

DRAWINGS 



[Draw ing 2] 

SB 




[Drawing 4] 




[Drawing 5] 
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[ Drawing 6 ] 
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r Prawin g 13] 




rPrawing 12] 




[Drawing 14 ] 

Oft 




[ Drawing 1 ] 
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rPrawing 7 ] 
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[ Drawin g 16] 



[Drawing 8] 




rOrawing 11] 
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[Drawing JHD] 
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